Samples of raw milk from bulk cooling tanks were collected in five municipalities of the Southwestern Brazilian Amazon to establish the prevalence of Staphylococcus aureus and Streptococcus agalactiae, as well as to evaluate the milk composition and its correlation with the bulk tank somatic cell count (BTSCC). A total of 250 samples were collected to investigate the causal agents of bovine mastitis in whole milk, from 50 bulk milk tanks in each municipality. Under laboratory conditions, the samples were diluted to 1/10 and 1/100, and samples of 0.1 ml from each dilution were plated in triplicate on selective media for Staphylococcus aureus and Streptococcus agalactiae. To evaluate the correlation between the major milk components (fat, protein and lactose) and the BTSCC, samples were collected for 18 months from 73 dairy herds. The presence of the above-mentioned contagious mastitis pathogens was detected in 97.2% (243/250) of refrigerated raw milk samples evaluated. Analysis of the major milk components and BTSCC demonstrated that during the study period, fat component showed the largest variance, followed by protein and lactose, which also showed significant variances.
have become established in the Amazon, especially in Rondônia state, located in the Southwestern Amazon. In 2012, the state produced 795,464 million liters, or approximately 2.18 million liters per day [1] . Currently, Rondônia is the major Brazilian milk producer in the Northern region, with 42% of total production [2] .
Mastitis is the most important and economically damaging disease in the dairy industry [3] [4] . The infection results in high economic losses arising from the decrease in the milk production, costs of treatment (drugs and labor), milk discarded following treatment and premature culling of cows [5] . The main microorganisms involved in mastitis are gram-positive cocci, present in over 90% of the specific pathogen isolates [6] [7] . In Brazilian dairy herds, the most prevalent contagious mastitis pathogens are Staphylococcus aureus and Streptococcus agalactiae [8] [9] [10] [11] [12] .
Isolation of microorganisms in whole milk of herds is only possible when mammary gland infection is present in the herd [13] [14] . The presence of Staphylococcus aureus, which can be isolated from different animal tissues, in whole milk samples is associated with infected mammary glands [15] . Therefore, isolation of Staphylococcus aureus from bulk milk tank samples is considered an indicator of intramammary infection of the herd [14] [15] [16] because the udder is the only reservoir of the pathogen [14] [17] .
Two of the most important objectives of milk analysis are identification of pathogenic microorganisms' presence and determination of the milk components. The diagnosis of mastitis agents can be done by a culture assay of whole milk samples collected within a herd [13] [18] . This technique has been used to isolate specific mastitis pathogens, especially Staphylococcus aureus and Streptococcus agalactiae [18] . Mastitis occurs in clinical and subclinical forms, and is associated with an increased in the somatic cell count (SCC). Measurement of SCC is recognized as a useful tool to monitor udder health and milk quality in dairy cattle herds [14] [19] [20] . The bulk tank SCC (BTSCC)
is an indirect measure able in quantity the percentage of infected mammary quarters in herds [21] . It can be used to evaluate the incidence of mastitis because the average SCC in a bulk milk tank is highly correlated with the presence of mastitis in the herd, ranging from 0.50 to 0.96 [22] . A low BTSCC is not only consistently correlated with a low level of mammary gland inflammation, but also with other important milk quality factors, such as microbiological quality (plate counts, preliminary incubation counts, and coliform counts) [23] [24] .
The minimum composition parameters of the cooled raw milk sold in Brazil are established by federal regulations. The minimum composition parameters established for milk production in Brazilian dairy farms are 3.00% fat content, 2.90% total protein content, and 8.40% non-fat solids (NFS) content. In terms of mammary gland health, the maximum SCC levels are being gradually reduced in Brazil. The current limit is 3.6 × 10 5 SC/ml, which is considered appropriate for sale of milk and its derivatives [25] .
Milk quality studies are incipient for dairy herds established in the Southwestern Brazilian Amazon. The prevalence of the main pathogens involved in mastitis infection is unknown for this region. Thus, the present study attempted to establish the frequency of Staphylococcus aureus and Streptococcus agalactiae infection in the region, as well as to correlate the herd milk composition with the SCC of refrigerated milk samples collected in bulk tanks.
Materials and Methods

Characterization of Sample Collection Area
Samples of refrigerated raw milk were collected in bulk tanks located in the municipalities of the main milk-producing area of Rondônia (Figure 1 ), located between 10˚26'
and 11˚43' south latitude and 62˚27' and 61˚54' west longitude. 
Microbiological Evaluation
A total of 250 raw milk samples were collected, from 50 bulk milk tanks in each municipality. The minimum sample size was determined considering the confidence level of the result, the desired accuracy level and the expected prevalence of mammary infection in the herds, using the formula for simple random samples recommended by Thrusfield [26] and Noordhuizen et al. [27] :
where: n = number of tanks sampled per municipality, 2 Z α = 1.96 (normal distribution value with confidence level of 95%), P = expected prevalence, and d = desired accuracy (p = 5%).
The procedures recommended by the International Dairy Federation were considered for collection, handling, and maintenance of the milk samples [28] . Samples of refrigerated raw milk stored for approximately 24 h in bulk tanks were randomly collected and placed in 20 ml sterilized glass jars. Before collection, the milk samples the bulk tanks were stirring for five minutes and then the samples were collected in the top center of the tanks. After collection, the samples were placed in isothermal boxes with ice for shipping. In the laboratory, the samples were diluted in peptonized saline solution to 1/10 (10 -1) and 1/100 (10 -2), and aliquots with 0.1 ml of milk from each dilution were plated in triplicate on selective media for Staphylococcus aureus and Streptococcus agalactiae. The plates were incubated at 37˚C for 24 h, when the first bacterial count was performed, followed by further incubation for 24 h and a second bacterial count.
The identification of Streptococcus agalactiae and Staphylococcus aureus in the raw milk samples was performed with commercial kits: the Streptococcus agalactiae kit® (Probac do Brasil) and Agar Vogel Johnson kit® (Probac do Brasil) used according to the manufacturer's recommendations.
Evaluation of Total Components of Raw Milk and BTSCC
Evaluation of the raw milk components and the BTSCC were performed during 18 months during which 73 dairy herds were evaluated. The sampling intervals were about 45 days, resulting in a total of 541 samples evaluated in the period. Means were calculated for fat, protein, NFS, and SCC to evaluate the influence of the dry (May to September) and the rainy (October to April) seasons on milk composition and SSC. The effect of season on the concentrations of fat, protein, and NFS was evaluated by a generalized linear model [29] . Before analysis, the SCC was transformed to base-10 logarithm (log10) according to Berglund et al. [30] .
Results and Discussion
Microbiological Evaluation of Refrigerated Raw Milk
The milk samples analyzed with use of selective media to estimate the prevalence of Streptococcus agalactiae and Staphylococcus aureus (higher than 94%) with good accuracy (lower than 5%) ( 
Evaluation of Total Components of Raw Milk and BTSCC
The samples for BTSCC were collected from March 2008 to July 2009. The average concentrations of milk components and the SCC are shown in Table 2 . These results indicate that in the study period, the fat component showed the largest variation (approximately 5.0%), followed by protein and lactose (4.3% and 2.2%, respectively). The NFS, fat, and protein contents evaluated in all periods were above the minimum thresholds established for milk sale in Brazil. However, there was variation of SCC from 233,000 to 366,000 cells/ml during the monitoring period. These levels are below the maximum limit in Brazil, which is 400,000 cells/ml.
Although the milk components and the SCC showed values in accordance with the Brazilian rules on milk quality, some samples were outside the legally established thresholds. SCC was the milk quality indicator with the highest percentage of samples above the limits (19.4%), followed by NFS (13.2%) and fat contents (8.9%). The protein content showed the lowest percentage of samples below the established limits for milk quality (6.4%) ( Table 3) . The average of fat observed in the samples was 3.62% (confidence level of 95%, 3.58% -3.66%). The SCC results showed significant variation (P < 0.05) in the concentration of milk components (fat, protein and lactose), accounting for 4.0% to 8.0% total variation. The milk fat content was not significantly affected by the season. In contrast, the protein and lactose contents significantly changed according to the season (P < 0.05).
The influence of BTSCC on milk component concentrations can be explained by reduced ability of the breast tissue to synthesize milk components. This situation is caused by lesions caused promoted by mastitis-inducing pathogens in association with the presence of proteolytic and lipolytic enzymes in the udder, secondary to somatic cell migration from the blood into the mammary gland tissue [31] . The frequency of Staphylococcus aureus and Streptococcus agalactiae associated with BTSCC values indicates the presence of udders infected with mastitis pathogens. These findings are in accordance with Beaudeau et al. [32] , who observed that the presence of pathogenic microorganisms in mammary glands usually results in a somatic cell count >300,000 cell/ml. The SCC in milk from a healthy udder quarter should be <100,000 cells/ml [19] [33].
Physiological factors can increase the cell count in some cases. In udder health monitoring programs, the use of a threshold of 200,000 cells/ml to denote the prevalence of subclinical mastitis has been reported [33] [34]. The average SCC of 289,000 cells/ml observed in the dairy herds monitored in Rondônia indicates the presence of a subclinical mastitis among the cows. This is in accordance with the microbiological analysis, which showed a high prevalence of Staphylococcus aureus and Streptococcus agalactiae.
Although microbiological analysis offers advantages, it is important consider that it
should not replace the individual clinical assessment of cows' udders in order to verify the presence or not mammary infections. The isolation of etiological mastitis agents using bulk milk samples can be considered a useful tool for monitoring mastitis in control programs, but the results cannot be used to predict the number of infected mammary quarters in a herd [35] [36] . In addition, negative isolation results do not guarantee the absence of contagious mastitis agents in dairy herds.
However, the Staphylococcus aureus and Streptococcus agalactiae isolation found in this monitoring study of quality milk show that the microbiological analysis of bulk milk samples is an efficient tool to assess the presence of etiological mastitis agents in dairy herds. The results observed by Brito et al. [37] in a study of 33 herds, also evaluating the viability of isolating infections agents causing mastitis from whole milk samples, were very similar to those obtained in the present study.
The efficiency of BTSCC to detect the variance in the milk contents can be explained by the reduced ability of the mammary tissue to synthesize milk components. Injuries promoted by mastitis-causing pathogens in association with proteolytic and lipolytic enzymes are probably caused by lesions in the udder that occur by somatic cell migration from the blood into the mammary gland tissue. In light of the findings of Schäelli-baum [31] , this may be a major factor associated with the variation of milk composition observed in this study.
The present results indicate that the analysis of bulk milk from herds is a viable tool for monitoring udder health in dairy herds. Single samples of bulk milk allowed isolating etiological mastitis agents and tracking the influence of SCC on the composition of milk produced in the analyzed herds. The assessed prevalence of Staphylococcus aureus and Streptococcus agalactiae, as well as the influence of SCC on milk component levels, demonstrates there are important challenges to be overcome by dairy farmers so that the milk produced is in accordance with the sanitary-hygienic limits established by Brazilian regulations. Studies and initiatives aimed at establishing strategies to decrease the prevalence of mastitis and reduce the SCC in dairy herds are promising research fields what will help to ensure the sustainability of dairy farming.
